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1. INTRODUCTION {#jep13181-sec-0005}
===============

Unwarranted clinical variation is a topic that attracts significant attention in developed health care systems internationally.[1](#jep13181-bib-0001){ref-type="ref"}, [2](#jep13181-bib-0002){ref-type="ref"}, [3](#jep13181-bib-0003){ref-type="ref"}, [4](#jep13181-bib-0004){ref-type="ref"}, [5](#jep13181-bib-0005){ref-type="ref"}, [6](#jep13181-bib-0006){ref-type="ref"}, [7](#jep13181-bib-0007){ref-type="ref"} Interest in the topic is not new, however. Seminal papers by Guy,[8](#jep13181-bib-0008){ref-type="ref"} Codman,[9](#jep13181-bib-0009){ref-type="ref"} Glover,[10](#jep13181-bib-0010){ref-type="ref"} Wennberg and Gittelsohn,[11](#jep13181-bib-0011){ref-type="ref"} and Lewis[12](#jep13181-bib-0012){ref-type="ref"} all shaped the field of enquiry, highlighting variation in either service utilization or outcomes of health care. In the past 15 years, the work of the Dartmouth Institute has been instrumental in influencing measurement and reporting approaches in use around the world,[13](#jep13181-bib-0013){ref-type="ref"} catalysing the development of atlases of variation in multiple jurisdictions.[1](#jep13181-bib-0001){ref-type="ref"}, [2](#jep13181-bib-0002){ref-type="ref"}, [4](#jep13181-bib-0004){ref-type="ref"}, [7](#jep13181-bib-0007){ref-type="ref"}

Clinical variation has been quantified across a wide range of acute and chronic care specialties, in primary care and hospital settings, and with regard to diagnosis, treatment, and prescribing practices.[14](#jep13181-bib-0014){ref-type="ref"}, [15](#jep13181-bib-0015){ref-type="ref"}, [16](#jep13181-bib-0016){ref-type="ref"}, [17](#jep13181-bib-0017){ref-type="ref"}, [18](#jep13181-bib-0018){ref-type="ref"}, [19](#jep13181-bib-0019){ref-type="ref"}, [20](#jep13181-bib-0020){ref-type="ref"} Variation has been found in almost all areas of health care where it has been looked for. A 2014 systematic review of medical practice variation in OECD countries found 836 published studies and detailed variation across regions, hospitals, and physician practices for almost every surgical field, condition, and procedure studied.[21](#jep13181-bib-0021){ref-type="ref"}

However, despite this widespread and enduring interest in unwarranted clinical variation, the literature lacks strong conceptual frameworks to guide rigorous measurement and remediation efforts; and there are few typologies that systematically map the field.[21](#jep13181-bib-0021){ref-type="ref"}, [22](#jep13181-bib-0022){ref-type="ref"}, [23](#jep13181-bib-0023){ref-type="ref"} While the Dartmouth approach identifies three categories of care---namely, effective care (where variation implies some underuse of valid treatment), preference‐sensitive care (where variation implies more than one option of care is available and the exercising of patient choice), and supply‐sensitive care (where variation implies the volume of care provided is a reflection of capacity rather than patient need)---the distinction between what is warranted and unwarranted clinical variation remains poorly delineated.[24](#jep13181-bib-0024){ref-type="ref"}, [25](#jep13181-bib-0025){ref-type="ref"}

This paper addresses this issue and has three main objectives. First, it seeks to describe and classify studies that explicitly refer to "unwarranted clinical variation" or "medical variation." Second, it draws on these studies to inform the development of an analytic framework to identify factors associated with warranted or unwarranted clinical variation. Third, it discusses key issues to resolve if we are to advance the field of unwarranted clinical variation---in terms of both measurement and action to reduce it.

2. METHODS {#jep13181-sec-0006}
==========

2.1. Building a definition {#jep13181-sec-0007}
--------------------------

In linguistic terms, *variation* is defined as "something that is slightly different from the usual form or arrangement."[26](#jep13181-bib-0026){ref-type="ref"} *Clinical* refers the examination and treatment of patients---that is, focusing on patient‐provider interactions and including preventive, diagnostic, therapeutic, and supportive care. Combining these two terms, *clinical variation* refers to differences in health care services provided to patients that diverge from the "usual form or arrangement." *Unwarranted clinical variation* goes beyond this; however, it is a values‐based concept that requires an informed judgement about the extent to which clinical variation is legitimate. It is primarily concerned with appropriateness of care---whether the right care is provided in the right way and in the right amount to address patients\' needs and expectations. Accordingly, we define unwarranted clinical variation as "patient care that differs in ways that are not a direct and proportionate response to available evidence; or to the healthcare needs and informed choices of patients."

From a theoretical perspective, this definition integrates two disparate schools of thought. First, it aligns with the positivism of evidence based medicine---which has been described as "the conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients."[27](#jep13181-bib-0027){ref-type="ref"} Second, it adopts an interpretive stance---acknowledging the importance of judgement, social context, and values in interpreting available evidence; different types of evidence and the context in which it is acted upon; and engaging with patients to make decisions in light of the available evidence. Interpretivists often align with critics of evidence‐based medicine who consider it to be simplistic and dogmatic---"synthesizing a certainty based on what is statistically probable, which, in the clinical setting, does not represent certainty at all".[28](#jep13181-bib-0028){ref-type="ref"}

2.2. Searching the literature {#jep13181-sec-0008}
-----------------------------

To assess the ways in which unwarranted clinical variation is characterized in research studies, a search of the PubMed database to December 2017 was conducted, using terms used to refer to "unwarranted clinical variation" including "medical practice variation", and "clinical variation" (see Appendix [A](#jep13181-app-0001){ref-type="app"}).

The search yielded 489 papers. Initial screening removed papers that were not relevant (eg, focused on genetic variation) leaving 315 for abstract review. Of these, 190 were empirical studies of unwarranted clinical variation and were included in a mapping process (listed in the [supplementary file](#jep13181-supitem-0001){ref-type="supplementary-material"}). The mapping comprised a seven‐stage process realized by the authors in an iterative manner where disagreements were assessed and resolved through discussion and deliberation: Define "a priori" key study characteristics: disease or patient group; setting (primary care, hospital, etc); unit of analysis (regions, hospitals, clinicians etc); metrics;Categorize included studies using a data extraction tool (deductive process);Identify emergent themes from studies (inductive process): statistical methods used; adjustment variables; residual/unexplained variation; scale of variation reported;Cluster themes and factors contributing to warranted and unwarranted variation;Synthesize and resynthesize concepts;Validate using reclassification of studies using the emergent criteria; andVisualize.

3. RESULTS {#jep13181-sec-0009}
==========

There are three key analytic dimensions in the UCV literature: (a) perspective (whether variation is measured across geographical areas or between providers); (b) criteria for assessment (whether measurement uses an "absolute" assessment, ie, variation from a predefined standard; or a "relative" assessment, ie, variation within a comparator group); (c) and object of analysis (whether assessment relies on process, structure/resource, or outcome metrics).

Of the 190 studies included in the review, 74% were focused on geographic variation; 90% focused on relative variation; and 73% were focused on processes of care (Figure [1](#jep13181-fig-0001){ref-type="fig"}). Looking at the various perspectives in combination, our initial mapping exercise identified 12 different combinations across the literature (Figure [2](#jep13181-fig-0002){ref-type="fig"}). The most frequently seen combination was geographic perspective/relative criteria/process metric---comprising 48% of the studies. The mapping and classification process highlighted measurement issues in each of three key dimensions in the UCV literature: perspective, criteria, and object of analysis.

![Summary of retrieved studies by analytic perspective](JEP-26-687-g001){#jep13181-fig-0001}

![Mapping of thematic combinations in the unwarranted clinical variation literature](JEP-26-687-g002){#jep13181-fig-0002}

3.1. Perspective: Geography or provider {#jep13181-sec-0010}
---------------------------------------

Our review found that the variation literature is dominated by geographical‐area studies, typified by atlas publications.[4](#jep13181-bib-0004){ref-type="ref"}, [13](#jep13181-bib-0013){ref-type="ref"}, [14](#jep13181-bib-0014){ref-type="ref"} Geography‐based studies commonly enumerate utilization rates with differences described in terms of "x‐fold variation." Atlases are of particular interest to policymakers, as they often reflect allocative issues and provide a broad range of indicators. There are however few attempts to explicitly distinguish warranted and unwarranted variation, or to assess levels of care, relative to patient needs, expectations, and preferences. In general, studies do not define an acceptable level of variation nor is there a way to consider multiple processes simultaneously---which limits the value of atlas‐based approaches in complex and multifaceted care pathways.

There are far fewer unwarranted clinical variation studies focused on differences across providers. Here, comparisons are made in terms of health care delivered to patients---by hospitals, units, teams, or individual professionals. More relevant to clinicians and managers, there are generally efforts made to cluster or stratify similar units for comparison and performance assessment purpose.

3.2. Criteria: Absolute or relative {#jep13181-sec-0011}
-----------------------------------

When there are clear standards about best practice, it is possible to make absolute assessments of care and quantify levels of unwarranted variation. Interpretation is most straightforward when the standard is either to "always" or "never" provide a treatment or achieve an outcome in a clearly defined set of circumstances (for example, to always provide annual foot examinations to diabetic patients or never prescribe antibiotics for viral infections). Assessment is much more difficult when there is uncertainty or clinical equipoise[29](#jep13181-bib-0029){ref-type="ref"}---that is, when there are two or more equally valid approaches to meet patient needs, and the best choice depends on how individuals (both clinicians and patients) value the risks and benefits of treatments. Absolute assessment is also difficult in situations of a dynamic and rapidly evolving evidence base where innovations are diffusing throughout a system and differences in clinicians\' readiness to adopt innovations result in variation.

In contrast, relative assessment looks for variation between units and generally requires a range of data items and sophisticated analytical techniques to ensure that fair comparisons are made. Combinations of adjustment variables and factors assumed to be contributing to "residual" variation are highly heterogeneous---meaning there are few shared assumptions about what constitutes warranted and unwarranted variation.

3.3. Objects of analysis: Process, outcome, and resource‐based metrics {#jep13181-sec-0012}
----------------------------------------------------------------------

Only two studies included in our review used multiple metric types.[30](#jep13181-bib-0030){ref-type="ref"}, [31](#jep13181-bib-0031){ref-type="ref"} About three quarters of the studies used process metrics. These are direct measures of tests, treatments, and procedures provided to patients and reflect differences in clinical decisions. Process metrics are meaningful in terms of variation only when they are clearly linked to the evidence base and interpreted in the context of needs and expectations of patients.

This direct measurement of clinical decision making and care delivery is not always feasible however, nor is it always the most informative approach. Proxy measures or indirect measurement is often the most insightful or efficient way to gauge unwarranted clinical variation and includes resource and outcome metrics. Resource metrics focus on inputs and comparisons are made in terms of dollars or other common units that allow for assessment of different combinations of processes and models of care. Outcome metrics also provide indirect measurement of variation in clinical care and are perhaps the most salient of the metrics, focusing on the consequences of unwarranted clinical variation. Like resource measures, outcome measures can capture complex care pathways, bundles, and the multiple processes inherent within them---one outcome measure can be a reflection of dozens of discrete care processes.

3.4. Identifying themes that help delineate warranted and unwarranted clinical variation {#jep13181-sec-0013}
----------------------------------------------------------------------------------------

The retrieved literature identified various factors that have been used to categorize variation as either warranted or unwarranted and hence key factors to consider in analyses. While a range of adjustment or stratification variables could be relevant for all variation analyses, the literature suggests the use of these covariates or stratifying approaches is predominantly used in the assessment of relative variation between organizations in resource, process, or outcome metrics. Our inductive process of identifying themes regarding what is considered to constitute unwarranted and warranted clinical variation revealed that within these three metric subgroups of process, outcome, and resource measures, there were clear types of adjustment variables, explanatory and stratification variables, and factors associated with residual variation (Table [1](#jep13181-tbl-0001){ref-type="table"}).

###### 

Adjustment variables, stratification, and residual variation factors

  Metric                                                                                                                                                        Adjustment Variables, Legitimate Variation---Warranted       No. of Study                                                                 Strata, explanatory, and residual variables---Unwarranted        No. of Study
  ------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------ ---------------------------------------------------------------------------- ---------------------------------------------------------------- --------------
  Process (eg, treatments, surgical procedures, diagnostic tests, hospital admissions)                                                                          Clinically relevant patient characteristics (eg, age, sex)   68                                                                           Organizational characteristics (eg, size, staffing, equipment)   24
  Diagnostic uncertainty/complexity                                                                                                                             2                                                            Regional characteristics (eg,) rurality, deprivation)                        17                                                               
  Equivocal evidence                                                                                                                                            1                                                            Non‐clinically relevant patient characteristics (eg, socio‐economic status   10                                                               
  Clinician characteristics                                                                                                                                     8                                                                                                                                                                                                          
  Change over time                                                                                                                                              6                                                                                                                                                                                                          
  Clinician preferences and payment                                                                                                                             4                                                                                                                                                                                                          
  Outcome (eg, mortality, readmission, unplanned hospitalization (ACSC), rapid decline, ED visit, failure to rescue, bacteraemia, lower extremity amputation)   Clinically relevant patient characteristics                  25                                                                           Countries/regions                                                9
  Patient socioeconomic status                                                                                                                                  7                                                                                                                                                                                                          
  Time                                                                                                                                                          4                                                                                                                                                                                                          
  Resources/staff availability                                                                                                                                  4                                                                                                                                                                                                          
  Access to appropriate care                                                                                                                                    3                                                                                                                                                                                                          
  Organization (bed availability)                                                                                                                               2                                                                                                                                                                                                          
  Evidence‐based processes                                                                                                                                      2                                                                                                                                                                                                          
  Patient race/ethnicity                                                                                                                                        2                                                                                                                                                                                                          
  Patient behaviour                                                                                                                                             1                                                                                                                                                                                                          
  Cost of interventions                                                                                                                                         1                                                                                                                                                                                                          
  Length of stay                                                                                                                                                1                                                                                                                                                                                                          
  Resource (eg, cost, length of stay)                                                                                                                           Clinically relevant patient characteristics                  7                                                                            Region                                                           4
  Alternative procedures                                                                                                                                        3                                                                                                                                                                                                          
  Alternative settings (eg, outpatient, hospital in the home, inpatient)                                                                                        1                                                                                                                                                                                                          
  Compliance with best practice standards                                                                                                                       1                                                                                                                                                                                                          
  Hospital characteristics/organization/staffing levels                                                                                                         3                                                                                                                                                                                                          
  Insurance status of patients                                                                                                                                  1                                                                                                                                                                                                          
  Sex of clinician                                                                                                                                              1                                                                                                                                                                                                          
  Race ethnicity of patient                                                                                                                                     1                                                                                                                                                                                                          

4. DISCUSSION {#jep13181-sec-0014}
=============

Following synthesis of the literature, and a combination of deductive and inductive inquiry, an empirically derived analytic framework that delineates warranted and unwarranted variation emerged (Figure [3](#jep13181-fig-0003){ref-type="fig"}). The model highlights the important roles that patients\' and clinicians\' agency, scientific and clinical evidence, and personal and organizational capacity play in shaping variation---and how these factors should be considered in assessing if variation is warranted or unwarranted.

![Schematic of warranted and unwarranted clinical variation](JEP-26-687-g003){#jep13181-fig-0003}

4.1. The analytic framework---Warranted variation {#jep13181-sec-0015}
-------------------------------------------------

In this analytic framework, "agency" encapsulates issues of motivations and for whom clinical decisions are made, focusing particularly on questions about whose needs and expectations drive clinical decisions.

From this agency perspective, clinical care must vary if it is to respond to patients\' needs and expectations. Services should be tailored to patients\' physical, social, and psychological requirements. Clinicians and clinical teams increasingly seek to provide care that is patient‐centred---eliciting patient preferences, supporting informed choice, and engaging patients in decisions about their care. Value and judgement are used to tailor clinical decisions and actions to the social and psychological needs of patients.[32](#jep13181-bib-0032){ref-type="ref"} This means that the best care for one patient will not be the best care for all patients.

Considering patients\' legitimate expectations about care and consent to various options for care is therefore key to assessing clinical variation. Increasingly, with the advance in personalized medicine and shared decision making, clinical variation should be expected and will be warranted if it is based on unbiased discussions and informed consent.

"Evidence," in our analytic framework, focuses on whether clinical decisions align and resonate with the extant knowledge base and considers questions about the basis on which decisions are made. Not all health problems have a unique clinical solution, and in the context of a paucity of evidence about the effectiveness of an intervention, homogeneity of clinical practice may provide a false reassurance and prevent the emergence of clinical innovations. Similarly, the gradual emergence and testing of innovations may create temporary clinical variation. Hence, an explicit and critical appraisal of the nature of the evidence base in any clinical variation assessment is crucial.

From this evidence perspective, variation can be warranted if following appraisal, evidence‐based recommendations are adapted in order to respond to salient contextual cues. Variation can also be warranted where there is uncertainty within the expert clinical community about a preferred test or treatment.[33](#jep13181-bib-0033){ref-type="ref"} Similarly, as the knowledge base about clinical care is constantly evolving, the concept of the "best" care is dynamic. The introduction of a new treatment, test, or model of care inevitably takes time to be adopted or implemented all across a health care system and the process of diffusion results in variation.[34](#jep13181-bib-0034){ref-type="ref"} In innovation terms, variation is warranted and is often a positive feature---bringing with it opportunities to compare ways to provide care---so that the best option can be adopted into routine practice.

"Personal and organisational capacity" focuses on whether clinicians are able to provide care in the way they seek and includes questions about how decisions are enabled and supported. These relate especially to when variation focuses on clinicians and the need to consider any organizational constraints they face. These issues are further explored in the following sections.

From within the capacity perspective, where there are differences in skill‐mix or types of resources available between different local areas or organizations, variation in care processes can be a reflection of adaptation. Clinicians provide services in different ways, using different models of care within different circumstances---and as long as patients achieve equivalent outcomes, this variation can be regarded as warranted. In instances where there are many acceptable and effective ways to care and cure, where there are no guidelines or where guidelines allow for multiple approaches, clinicians can capitalize on their particular skill sets to provide care. Where there are unanticipated complexities, such as suddenly deteriorating patients, clinicians act as expert problem solvers, responding in real time to developing emergencies that will differ from most other routine care---not unwarranted variation but an example of desirable and appropriate variation.

4.2. The analytic framework---Unwarranted variation {#jep13181-sec-0016}
---------------------------------------------------

Our model also identifies six key categories of unwarranted clinical variation, organized across the same three perspectives of agency, evidence, and capacity. Considering variation in terms of agency, if decisions are made on the basis of non clinically relevant patient characteristics such as age, gender, race, or socio‐economic status or where insufficient information is provided to patients to support properly informed and shared decision making, variation can be considered to be unwarranted.

More starkly perhaps, variation is unwarranted where clinicians\' preferences or financial needs take precedence over the evidence‐base or patient interests. The literature features discussions and empirical examples about variation shaped by providers\' expectations (eg, scheduling of procedures at certain times for the sake of clinicians\' convenience and overuse of certain procedures for financial benefit).[35](#jep13181-bib-0035){ref-type="ref"} This can result in tests, procedures, and treatments which have been shown to be ineffective, continuing to be provided to patients in ways that are wasteful of resources and place them at unnecessary risk.[36](#jep13181-bib-0036){ref-type="ref"} Variation is also unwarranted if it is a result of responsibility for patient‐care, particularly for complex multimorbid patients, being parsed and resulting in episodes of disjointed and incomplete care.[37](#jep13181-bib-0037){ref-type="ref"}

From an evidence perspective, variation is deemed to be unwarranted when practice is clearly at odds with the available knowledge base.[38](#jep13181-bib-0038){ref-type="ref"}, [39](#jep13181-bib-0039){ref-type="ref"}, [40](#jep13181-bib-0040){ref-type="ref"} Unwarranted variation can also stem from "indication creep," where the use of a procedure or treatment grows beyond the original patient group in which it was trialled and shown to be valuable.[14](#jep13181-bib-0014){ref-type="ref"} In an interesting twist, there are cases where a *lack* of variation can be unwarranted. An illustrative study by Tang et al[19](#jep13181-bib-0019){ref-type="ref"} measured variability in antipsychotic prescribing patterns among psychiatrists and found that less‐expert providers had more homogeneous prescribing behaviours with some physicians relying heavily on a small number of agents, where appropriately tailored care would elicit different treatment regimens. So variation is unwarranted if there is unjustified deviation from the evidence base---that is, evidence is applied in variable ways despite a lack of key contextual confounders, or evidence is applied in a way that is not responsive to context. This element of unwarranted variation resonates with debate about the evidence‐based medicine movement---which for some threatens to overemphasize the importance of general research in routine clinical practice, devaluing the role of clinical judgement.[28](#jep13181-bib-0028){ref-type="ref"}

From a capacity perspective, variation is unwarranted if it is a result of differences in the level of training, competency, and technical proficiency of providers [41](#jep13181-bib-0041){ref-type="ref"}, [42](#jep13181-bib-0042){ref-type="ref"} or of limitations in clinicians\' ability to resolve uncertainty.[43](#jep13181-bib-0043){ref-type="ref"} Now, more than ever, the provision of reliable and resilient care to ensure patients\' safety is seen as a minimum requirement for health care delivery systems and is not something that can vary according to where patients live or where they are treated.

Unwarranted clinical variation can also be a result of local delivery systems---resulting in some clinicians being unable to provide certain elements of care because of resource constraints. For example, variation in surgical waiting times and surgical outcomes can be a result of differences in resourcing across hospitals. Conversely, patterns of resourcing can also promote unnecessary activity, for example, where additional availability of resources results in greater propensity to treat or admit patients to hospital. This notion of "build it and they will come" underpins the concept of supplier‐induced demand.[13](#jep13181-bib-0013){ref-type="ref"}

4.3. Acknowledging and tackling the complexity of measuring unwarranted clinical variation {#jep13181-sec-0017}
------------------------------------------------------------------------------------------

Our mapping exercise showed that clinical variation studies predominantly focus on process metrics; however, their ability to determine the extent to which measured variation is unwarranted has, to date, been limited. This may be because we need a way to more reliably identify and quantify key factors in play. For example, if there is evidential equipoise, the measurement of variation of a single therapeutic option will be misleading; if there is substitution of services to respond to different contexts, or if there is variation that is a reflection of diffusing innovations or changing models of best practice, processes are not strong measures of unwarranted variation.

While outcome‐based analyses provide a means to overcome many of these issues, appropriate statistical adjustment is key. Underadjustment will lead to an overinterpretation of variation---suggesting that there are opportunities to improve care when in reality, much of the variation may be warranted. Overadjustment represents the corollary case---"adjusting away" the impact of factors that, if addressed, could reduce meaningful variation---masking the impact of modifiable factors that should be tackled to improve care.

The measurement of unwarranted clinical variation is vulnerable to a range of failures in analytic design. Limits of measurement to be acknowledged and mitigated include difficulties in interpreting variation in small units, the recognition of "normal variation" and distinguishing it from "special cause variation"[44](#jep13181-bib-0044){ref-type="ref"}, and regression to the mean.[45](#jep13181-bib-0045){ref-type="ref"} While these concerns are well described in measurement and analytic literature, we need greater cognisance of their implications when interpreting and critically appraising measures of variation.

In addition to such well‐established analytic concerns, there were four key considerations that emerged from our mapping exercise---attribution, aggregation, models of care, and temporality---that are fundamental to enhancing our understanding of variation.

When comparing variation across individual clinicians or units, it is essential to distinguish between contextual factors that are outside direct control at that level and those that are tractable or amenable to change. This means, for example, that while geography‐based analyses can reveal disparities, the charge of unwarranted clinical variation cannot necessarily be applied to individual decision makers. Patients living in lower socio‐economic status (SES) areas are often reported to have worse outcomes in readmission or mortality than patients living in higher SES areas; however, a doctor at an inner city practice may be consistent in his or her decision making regardless of patients\' SES. Context---either organizational or more broadly in terms of wider determinants of health---constrains clinicians\' ability to provide care that delivers equal outcomes to all patients. Taking account of context does not diminish the unwarranted variation---it still exists---but it reflects a system or allocative issue rather than an issue with individual clinical decision makers.

The assessment of the unwarranted nature of clinical variation therefore requires a consideration of the nexus of control. In situations where organizational context is at the root of variation, and clinicians are constrained by structures, regulations, or intractable resource constraints, any resultant variation in the practice and decision making of those clinicians when compared with other clinicians in different organizational contexts can be considered to be reasonable rather than unwarranted. This does not mean that such variation is acceptable---it is clearly featured in the framework of *unwarranted* variation but as a reflection of policy and management, rather than clinical decisions.

Furthermore, inappropriate analytic choices regarding the level of analysis can confound assessment. Hospitals may appear to be similar to each other despite significant variation within hospitals.[46](#jep13181-bib-0046){ref-type="ref"} Geographical analyses are especially prone to aggregation issues capturing multiple providers in a single area. Overuse or underuse can be occurring simultaneously and be masked by aggregation.

In addition, variation in provision of care may be warranted if different modalities are used for care delivery (eg, yearly eye exams for diabetics may be provided by ophthalmologists or optometrists and rates of eye exams may vary between regions when looked by types of providers separately but not vary in terms of reception of eye exam by patients between regions). However, variation in provision of care may be unwarranted if such allocative decisions prevent some patients receiving the care they need and choose (eg, yearly exams for diabetics may vary if neither the ophthalmologist nor the optometrist options are available locally). This raises the interesting conceptual question of whether variation in access to care should be considered as unwarranted clinical variation. Fundamentally, unwarranted clinical variation focuses on appropriateness of care---measured directly by care process measures or indirectly through resource use and outcome measures. For access issues, we cannot generally attribute unmet patient needs to individual clinicians. However, from a system perspective, a lack of access to appropriate care can be considered to be unwarranted clinical variation.

Finally, the issue of temporality adds further complexity to the assessment of unwarranted clinical variation. Provision of care may vary if the research base is dynamic and innovations are emerging and being tested. The diffusion of innovations takes time---however, after sufficient time has been allowed for uptake and practice change, continuing variation becomes unwarranted. So time is also important as standards of care are continually changing and innovations constantly emerging. In circumstances where the evidence about current care is either equivocal or suggests poor effectiveness of care, variation may be warranted to ensure innovation can emerge, be evaluated, and eventually disseminated at scale.

4.4. Limitations {#jep13181-sec-0018}
----------------

Our model identifies six key categories of unwarranted clinical variation. It does not however provide guidance about which category investigators of clinical variation should focus upon---should all categories be explored simultaneously? If not, which category to choose? While this undoubtedly is a limitation, prompting systematic consideration of all six categories, and deliberate choices about measurement approaches in light of those considerations would represent a significant step forward.

As has been acknowledged by other researchers,[23](#jep13181-bib-0023){ref-type="ref"}, [24](#jep13181-bib-0024){ref-type="ref"} despite a considerable and enduring interest in measurement of unwarranted clinical variation, there are few conceptually based frameworks available. This means that there was very little theoretical groundwork on which to build. This paper does not present a fully elucidated theory but represents a step forward in seeking to strengthen the conceptual underpinnings and contribute to academic discourse.

Therefore, there are many unanswered questions---such as when is evidence strong enough to require action? How should we resolve conflicting sources of evidence and patient preferences? How do we place value on different elements of the model? How do we reconcile population based science with personalized medicine? Notwithstanding these limitations, this paper aims to provide a critique of current literature around the concept of unwarranted clinical variation and represents a step towards the development of a rounded theoretically based conceptual model.

5. CONCLUSION {#jep13181-sec-0019}
=============

Identifying, quantifying, and reducing unwarranted clinical variation promises to deliver a range of benefits to health care systems and to individual patients---more reliable provision of indicated and evidence‐based care, reduction in wasteful or unnecessary care, improved safety of care, greater system efficiency, and better patient outcomes. It has the potential to move us beyond a naïve view that only patients\' needs and provider preferences drive delivery of care.

We know that almost all studies that look for variation find it. This ubiquity means that we need to develop sophisticated ways to prioritize measurement efforts and to more clearly distinguish warranted from unwarranted variation. Realizing potential gains is far from straightforward however. While there has been a great deal of sustained interest in the notion of unwarranted clinical variation internationally, there are few conceptual frameworks to guide investigation, systematic measurement, and change management processes. The complexity of unwarranted clinical variation is legion: Availability of evidence and contextual factors both affect how we judge variation between providers; equipoise or equivocal evidence makes variation uninterpretable; and variation in resourcing can make variation unattributable to the individual clinician. Delineating and defining unwarranted clinical variation place a heavy burden on measurement efforts.

In addition, the current lack of clarity around how best to measure unwarranted clinical variation can result in an overemphasis on ranges reported in atlases and propels the field towards an ever increasing focus on adjusting for comorbidities and health factors, without discussing other potential sources of variation. The predominant measurement approach---one that focus on enumerating and reporting relative process measures---is for the most part limited in its capacity to guide efforts to reduce unwarranted variation and improve care. All providers could be performing poorly and little variation revealed; there could be a mix of overuse and underuse of appropriate care; measurement may not be able to capture contextual factors that shape our judgement about the level of appropriateness in variation.

However, many health care systems are developing more sophisticated approaches to assessing unwarranted clinical variation---in the United Kingdom, the Getting it Right First Time programme encapsulates peer‐led deep dives, tailored feedback, and support for implementation.[47](#jep13181-bib-0047){ref-type="ref"} More broadly, there is renewed interest in audit and feedback[48](#jep13181-bib-0048){ref-type="ref"}---engagement of clinical decision makers in data analyses, fair comparisons, attribution and interpretation, and subsequent quality improvement. These efforts point to a way forward in a highly complex field.

The elements of warranted and unwarranted variation are interrelated and are highly sensitive to context. This means that it is difficult to measure quantitatively using administrative data and assessment requires more nuance and reflexivity, pointing us towards a mixed methods approach that is sensitive to uncertainty, social context, sense‐making, and scientific evidence.

Health care systems are dynamic and complex. Health care is unique in terms of the extent to which it is grounded in science but indelibly shaped by social context and values. It is of paramount importance that we start to look in a more informed and sophisticated way at variation in clinical care and patient outcomes in order to distinguish when variation is expected or desirable and when it is unwarranted. Only then can we start to focus on reducing the unwarranted and potentially harmful variation through quality and safety assurance processes and improvement and clinical innovation programs.
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